This study aims to use the vernacular climatic strategies (VCS) of traditional dwellings in Bushehr, in the common residential buildings of this southern Iranian city (which is characterized by its hot and humid climate), and provide answers to the following question: What effects do VCS have in terms of energy consumption in these buildings? This study has been conducted at three levels. At the first level, three context-based climatic solutions including shading, natural ventilation, and insulation of external walls and roofs were identified and selected based on bibliographic study. At the second level, a case study reflecting the current typology of common residential buildings in Bushehr city was selected. A combination of the mentioned climatic solutions was used in the baseline case to create a developed model. Based on the space layout of the developed model and some design criteria, a series of proposed models was also created and modeled. The selected case study building was also used to establish a local weather station at a height of 12 m based on the roof, collecting local climate data which were then used for simulation to improve simulation accuracy. Finally, all models were simulated with the use of Design Builder software under natural ventilation conditions during moderate climatic periods of the year while split air-conditioning systems were used during hot and humid periods. The results showed reductions of 16% in energy consumption and 22% in CO 2 emissions for the developed model, and reductions of 24-26% in energy consumption and 32-34% in CO 2 emissions for the proposed models, as compared with the baseline model. Furthermore, all proposed models achieved lower annual energy consumption when compared with a selection of international sustainable low energy standards and domestic energy performance references for the Middle East region. Further studies are also recommended, and there is potential for combining VCS with other solutions such as on-site renewable energies.
Introduction
Energy crisis and climatic change are the biggest challenges facing the world today [1] . The adverse effects of climate change such as increased risk of flood, super storms, and drought may result in global mass migration and conflicts [2] . Hence, a drastic reduction in global CO 2 emissions is required, which is achievable by ensuring the use of sustainable, cleaner energy and a operation of air conditioning systems [31] . Air conditioning has been widely utilized in this climatic condition to achieve occupant comfort due to the good control of the air temperature and humidity. To reduce the high electricity level consumed by air conditioning, it is of paramount importance to incorporate appropriate passive cooling strategies in buildings [30] . Buildings in hot and humid climates normally encompass large overhangs to shade façades, as well as plentiful openings to allow air movement to occur. Other effective means to reduce solar heat gain include orientation of the longer façade to face the north and south directions (to avoid direct sunlight), reducing the building´s contact with the ground by applying a raised floor, using low thermal capacity building materials, and implementing open plan concepts to reduce trapped indoor heat [30] .
Bushehr city (as shown in Figure 1 ) is the capital of the Bushehr Province in Iran, which is located on the northern side of the Persian Gulf shore. It is a hot and humid region of Iran [32] . Bushehr is considered the most important port near the Persian Gulf border. Although in recent years many transformations have occurred in this city and its urban public spaces, its vernacular fabric is unique and has been formed based on its climate position [26] . Vernacular residents in this region used some climate-adapted solutions to protect their buildings from the harsh outside climate. They built their houses based on minimum sunlight penetration and the optimal usage of wind currents with several solutions. Climatic solutions in Bushehr vernacular architecture include: orientation of buildings with consideration of wind flow direction for the maximum use of the gentle cool breezes, central organization of spaces for creating proper ventilation, the existence of windows toward the central courtyard and toward alleys for producing transverse ventilation, use of vernacular elements for shading like Shenashir (in Figure 2) , use of materials with low heat capacity for adaptability to hot and humid climates, and use of rooftops at nights for the maximum use of the wind draft [26] . The ground floors of these vernacular dwellings were used in the relatively colder seasons, January and February, to prevent cold winds through winter spaces, and along with the winter spaces, there were also other service spaces such as kitchens, storage areas, and bathrooms. The first floors in these dwellings were also used for better enjoyment of coastal breezes and the dominant winds as summer spaces in the moderate and warm seasons, from April to November. The roof spaces were also used in the afternoons and nights in moderate and warm seasons to benefit from the fresh air and cool breezes of the evening. Therefore, the residents of these buildings, at different times of year, changed their location in accordance with the climate conditions for thermal adaptation and to find a better location in the house in terms of comfort, experiencing a wider range of temperatures. They thus had complete control over the openings as they opened them for natural ventilation. In addition, they changed their clothing, activities, and even foods according to the seasons and used seasonappropriate clothes, food, and drinks. A typical traditional architectural pattern is presented in the old district of Bushehr city, as shown in Figure 2 . In contrast to climate-responsive buildings, there are common residential buildings, which are similar in design and components in all different climates of Iran in terms of interior and exterior characteristics and how they communicate with the environment. No attention is paid to climatic and environmental conditions. These buildings look the same in any climate, are not compatible with their environment, and do not adapt to environmental conditions [28] . Figure 3 shows an example of these buildings. Since some of the most important aspects for reaching sustainability and sustainable development in cities are adaptability to climate conditions and reduction of energy consumption, climatic design, which is seen in the vernacular architecture of Bushehr, could be a good method for preventing excessive energy consumption and air pollution [26] . In contrast to climate-responsive buildings, there are common residential buildings, which are similar in design and components in all different climates of Iran in terms of interior and exterior characteristics and how they communicate with the environment. No attention is paid to climatic and environmental conditions. These buildings look the same in any climate, are not compatible with their environment, and do not adapt to environmental conditions [28] . Figure 3 shows an example of these buildings. Since some of the most important aspects for reaching sustainability and sustainable development in cities are adaptability to climate conditions and reduction of energy consumption, climatic design, which is seen in the vernacular architecture of Bushehr, could be a good method for preventing excessive energy consumption and air pollution [26] . In contrast to climate-responsive buildings, there are common residential buildings, which are similar in design and components in all different climates of Iran in terms of interior and exterior characteristics and how they communicate with the environment. No attention is paid to climatic and environmental conditions. These buildings look the same in any climate, are not compatible with their environment, and do not adapt to environmental conditions [28] . Figure 3 shows an example of these buildings. Since some of the most important aspects for reaching sustainability and sustainable development in cities are adaptability to climate conditions and reduction of energy consumption, climatic design, which is seen in the vernacular architecture of Bushehr, could be a good method for preventing excessive energy consumption and air pollution [26] . The aim of this study is to use vernacular climatic strategies in existing and proposed residential buildings of Bushehr city and analyze the impact of these solutions on energy consumption and CO 2 emissions with the use of Design Builder software.
The paper will present the impact of context-based climatic solutions on improving the energy efficiency of mid-rise apartment buildings which can fill the research gap in the hot-humid climate of Iran. Furthermore, it contributes to the existing state of art in this area, as most studies on domestic buildings use low-rise houses as case studies.
Literature Review
Many studies have been carried out on domestic buildings and the passive strategies used in them in hot-humid regions, where the role of passive techniques on improving thermal comfort and energy consumption have been specifically mentioned. Some of these works are presented in this section.
Several studies, which were carried out in different countries such as the United Arab Emirates, Mexico, Malaysia, Sri Lanka, Saudi Arabia, Taiwan, and India, focused on the role of passive strategies in improving thermal comfort and energy consumption in low-rise residential buildings. Radhi [33] discussed issues related to the potential impact of global warming on air-conditioning energy use in the hot climate of the United Arab Emirates. The city of Al-Ain was chosen for this study. Simulation studies and energy analysis were employed to investigate the energy consumption of buildings and the most effective measures to cope with this impact under different climate scenarios. The simulation results showed that energy design measures such as thermal insulation and thermal mass are important in order to cope with global warming. Meanwhile, window areas and glazing systems are beneficial and sensitive to climate change, and shading devices are moderate as CO 2 emission-savers for buildings and are insensitive to global warming. Aldossary et al. [34] analyzed and discussed domestic energy consumption patterns in the city of Jeddah, characterized by its hot and humid climate and its geographical location in a global region renowned for its high energy consumption and carbon emission rates. The selected case studies involve three typical houses and three typical flats with the objective of analyzing their average domestic energy consumption based on: (1) monthly electricity bills; (2) user behavior captured through interviews with the selected properties' occupants; and (3) detailed energy modelling and simulation using integrated environmental solutions-virtual environment (IES-VE) software. Resulting high energy consumption patterns are then discussed, focusing on building design (form and fabric) and user behavior. Based on the identified design weaknesses, regionally replicable energy retrofitting solutions (including shading devices, domestic renewable energy sources, and efficient glazing) are explored and simulated in IES-VE, suggesting energy consumption reduction in a range of 21-37%. Oropeza-Perez and Østergaard [35] showed the potential of natural ventilation as a passive cooling method within the residential sector of countries which are located in warm conditions, using Mexico as a case study. Their results indicated that for hot-dry conditions, buildings with high heat capacity combined with natural ventilation achieve the lowest indoor temperature, whereas under hot-humid conditions, night ventilation combined with low heat capacity buildings presents the best results. Thereafter, an average aggregated saving potential of 4.2 TWh for 2008 is estimated, corresponding to 54.4% of the Mexican electric cooling demand for the same year. Taleb [36] tested the usefulness of applying selected passive cooling strategies to improve thermal performance and to reduce energy consumption of residential buildings in hot, arid climate settings, namely in Dubai, United Arab Emirates. One case building was selected and eight passive cooling strategies were applied. Energy simulation software-namely integrated environmental solutions (IES)-was used to assess the performance of the building. Solar shading performance was also assessed using Sun Cast Analysis, as a part of the IES software. Energy reduction was achieved due to both the harnessing of natural ventilation and the minimization of heat gain in line with applying good shading devices alongside the use of double glazing. Additionally, green roofing proved its potential by acting as effective roof insulation. The study revealed several significant findings, including that the total annual energy consumption of a residential building in Dubai may be reduced by up to Sustainability 2017, 9, 1950 6 of 26 23 .6% when a building uses passive cooling strategies. Toe and Kubota [37] investigated vernacular passive cooling techniques and their potential application for improving indoor thermal comfort of naturally ventilated, modern brick terraced houses in Malaysia. Field measurements were conducted in two traditional timber Malay houses and two traditional masonry Chinese shop houses to examine their indoor thermal environments. Potential passive cooling techniques for the existing terraced houses including night ventilation, roof or ceiling insulation, window and wall shading, the small courtyard concept, and microclimate modification and/or urban heat island mitigation were discussed. Rajapaksha et al. [38] investigated the potential of a courtyard for passive cooling in a single-story high mass building in the warm, humid climate of Sri Lanka. The implications of this study on architectural design give useful guidelines for designing naturally ventilated high mass residential buildings with internal courtyards in warm, humid climates. They concluded that the potential of courtyards to act as means for passive cooling can be correlated with building composition in terms of airflow rates and patterns. Sadeghifam et al. [39] examined energy saving in building elements such as walls, floors, windows, roofs, and ceilings and how the integration of such optimized elements in conjunction with effective air quality factor could contribute towards an ultimate energy efficient design. A typical two-story terraced house in Kuala Lumpur, Malaysia was chosen to model energy usage by means of dynamic building simulation. A case study was modeled using Revit Architecture software and analyzed using energy analysis software. Their results indicated that in residential buildings in tropical regions, changing ceilings and ceiling materials are the most effective way to reduce energy consumption; moreover, wall materials and inside temperatures represented the next levels of significant factors, respectively. Aldossary et al. [40] focused on the domestic sector to: (1) establish levels of energy reduction, informed by leading standards (such as Passivhaus in Germany), that can be achieved taking into account the complex local socio-cultural context and environmental factors; and (2) propose a low energy reference definition with a view to encouraging energy retrofitting programs and enforcing domestic low carbon interventions. An energy simulation environment was employed to simulate and analyze the energy consumption patterns of three proposed low-carbon prototype houses that reflect current house typology and space layout in Saudi Arabia. The three proposed homes offer a reduction in energy consumption of up to 71.6%, compared with similar houses. Based on these findings, they proposed a domestic energy performance reference with energy consumption ranging between 77 kWh/m 2 and 98 kWh/m 2 . Hong et al. [41] used the morphing method to produce future hourly weather years for use in building simulations based on the predicted values provided by a general circulation model (GCM). The adaptive comfort model was used to identify the air conditioning operation status during the hours of occupation of a mixed-mode typical residential building to determine cooling energy use. Annual cooling energy use in the past and in three future time periods-the 2020s, the 2050s, and the 2080s-were dynamically simulated with Energy Plus. The simulations revealed increases in cooling energy of 31%, 59%, and 82% in the three time periods, respectively. Five passive design strategies for building remodeling were proposed, and their potential for mitigating the increases in cooling energy usage was discussed. They found that although no individual strategy can maintain the cooling energy usage at current levels, the combination of improving the thermal insulation of exterior walls and roofs, enhancing the solar heat gain coefficient (SHGC) of the glazing, and adding overhang shading can achieve that goal. The combination of these passive design strategies as an adaptation measure to counter climate change could neutralize the increases in cooling energy usage due to the effects of global warming in the context of the hot and humid weather of Taiwan. Chandel et al. [21] reviewed and identified energy-efficient vernacular architecture features affecting indoor thermal comfort conditions for adaptation in modern architecture to suit present-day lifestyles. The main features identified are: built mass design, orientation with respect to sun, space planning, openings, sunspace provision, construction techniques, and building and roof materials. In addition, the current status of use of earth as a building material and adaptations of vernacular architecture for improving energy efficiency in modern context were presented along with a case study of the vernacular architecture of a location in Himachal Pradesh, India. Hazbei et al. [42] investigated underground shelters in the hot and semi-humid city of Dezful in southwest Iran. This type of underground shelter, known as Shavadoon, is considered a passive energy strategy to seek temperature comfort using the annual temperature stability of the earth and natural ventilation. This study was conducted in a traditional house that was used to test the accuracy of a numerical simulation of the temperature and air flow within the Shavadoon spaces. Temperature contours, streamlines, and other related findings are reported. Their results showed that space conditioning costs could be cut and adequate comfort could be derived using such passive heating and cooling systems.
The works of Hirano et al. [43] , Haggag and Elmasry [44] , and Pellegrino et al. [45] are focused on mid-rise residential buildings. Hirano et al. [43] explored the effects that porous residential buildings have on natural ventilation performance and, consequently, the cooling load reduction in hot and humid regions of Japan. Two residential building models, namely a model with a void ratio of 0%, and a "porous" model with a void ratio of 50%, are evaluated using computational fluid dynamics (CFD) analysis and a thermal and airflow network analysis. They concluded that the porous residential building model (a model with a void ratio of 50%) is effective in enhancing the natural ventilation performance and, consequently, in reducing the cooling load in hot and humid regions. Haggag and Elmasry [44] investigated passive strategies for reducing energy consumption in contemporary building design and construction in the United Arab Emirates (UAE). Four techniques were examined in the study: natural ventilation, thermal mass, shading strategy, and green walls, and they were illustrated in three case studies: Masdar City, Madinat Jumeirah, and Liwa International School in the cities of Abu Dhabi, Dubai, and Al Ain, respectively. The design and performance of these projects are analyzed and evaluated, with emphasis on passive and sustainable strategies. Pellegrino et al. [45] compared low-cost strategies to improve the quality of existing building stocks, with special regard to a widespread Indian residential typology. A dynamic energy model of this particular local building typology was simulated with Energy Plus software and validated by comparing it with some original in situ measures, recorded in hourly steps. The validated model was used to simulate a selection of low-cost and technically simple interventions, whose effects on the energy performance and indoor comfort were compared to the baseline case study. Their results showed that combined solutions can be really effective in reducing strong discomfort and energy demand for air conditioning, with savings ranging from 35% to 76%.
In addition, the works of Cheung et al. [46] , Prajongsan and Sharples [47] , and Mirrahimi et al. [48] focused on high-rise residential buildings. Cheung et al. [46] examined six strategies, including insulation and thermal mass, color of external walls, glazing systems, window areas, shading, and combining passive thermal design strategies for lowering the energy consumption of high-rise apartment buildings in Hong Kong. Their results showed that the energy savings for high-rise apartments in a hot and humid climate can be as great as in other climates. The simulation results for the six passive design strategies indicated that for a predominantly night-occupied apartment, the strategies for improving the thermal performance of an external wall are more effective than those for windows. Their results also showed that a saving of 31.4% in annual required cooling energy and 36.8% in peak cooling load for the BASECASE apartment can be achieved. Prajongsan and Sharples [47] described a computational fluid dynamics analysis of the potential use of ventilation shafts in tall residential buildings in Bangkok to enhance natural ventilation and to improve thermal comfort (and thereby reduce air conditioning energy consumption). The study focused on a room with single-sided ventilation (i.e. openings in just one external wall). A ventilation shaft located at the rear of a room can raise the average air velocity across the room by greatly increasing the pressure difference between the room's window and the shaft's exhaust at the roof level. A hypothetical room in a 25-story residential building in Bangkok was devised to represent a typical residential unit in Bangkok. Air velocities in the predefined occupied areas of the room without and with a ventilation shaft (called reference and test room respectively) were assessed using the CFD package in the Design Builder modelling software, and the comfort hours during summer in both rooms were Sustainability 2017, 9, 1950 8 of 26 calculated based on the room's operative temperature after they had been moderated by the elevated air velocities. Their results indicated that average air velocities in the reference room were very low and insufficient to produce any cooling effect, regardless of external wind conditions, whereas air velocities in the test room were greatly enhanced compared to the reference room. The percentage of comfort hours during the summer rose from 38% in the reference room to 56% in the test room, suggesting that approximately 2700 kWh of air conditioning energy savings could be achieved in the room by employing the proposed ventilation shaft. Mirrahimi et al. [48] investigated the effect of building envelopes on energy consumption and thermal performance of high-rise buildings in the tropical Malaysian climate. Their results showed that a strong relationship exists between various building components such as shading devices, external walls, external roofs, external glazing and insulation, and the reduction of energy consumption, as well as cooling in buildings. Furthermore, energy usage is also affected significantly by shape, including building length, width, and height.
Haase and Amato [49] investigated the impact of building location and climate and orientation on thermal comfort in buildings. With the help of dynamic computer simulations, the different hourly weather data were analyzed. A detailed analysis was conducted to evaluate the potential for improving thermal comfort. Detailed results were given in sample graphics and tables in the study. They mentioned that, in a tropical climate, the improvement in comfort by natural ventilation (NV) ranged between 9% and 41% (Kuala Lumpur in April). For a subtropical climate the improvements vary between 3% and 14%. In a temperate climate, the improvements vary between 8% and 56%. Their results showed that NV has good potential in tropical and temperate climates but not in subtropical climates. In particular, in Hong Kong it seems to be very difficult to apply NV. Their results also showed that in the hottest period (summer) in particular, the potential for comfort improvement is rather small and the design of climate-responsive building envelopes should take this into consideration. Chen et al. [50] conducted a comprehensive literature review on simulation-based approaches to optimize passively designed buildings. Based on existing research methods, modelling experiments on a generic building are conducted to integrate robust variance-based sensitivity analyses with an early-stage design optimization process. Proposed mixed-mode ventilation and lighting dimming control algorithms are applied to the Energy Plus model to simulate the total lighting and cooling energy demands by incorporating the related design criteria in a local green building assessment scheme. The non-dominated sorting genetic algorithm (NSGA-II) is then coupled with the modelling experiment to obtain the Pareto frontier as well as the final optimum solution. Different settings of NSGA-II are also investigated to improve the computational efficiency without jeopardizing the optimization productivity. Furthermore, the sensitivity of optimum design solutions to external environmental parameters in hot and humid areas are explored. Findings from this study will guide decision-makers through a holistic optimization process to fulfill energy-saving targets in a passively designed green building. Ghaffarianhoseini et al. [51] evaluated the ability of unshaded courtyards for providing thermally comfortable outdoor spaces according to different design configurations and scenarios, including the orientations, height, and albedo of wall enclosures, and use of vegetation. The software ENVI-met was used as a tool for simulating the thermal performance of courtyards in the hot and humid climate of Kuala Lumpur, Malaysia. The predicted mean vote (PMV) index and the number of hours per day that a courtyard could be enjoyed once the proposed design suggestions were implemented were assessed. Likewise, the physiologically equivalent temperature (PET) index allowed for further exploration of the thermal comfort conditions of courtyards. As a result, guidelines were proposed in order to optimize the design of courtyards towards enhancing their thermal performance characteristics. In particular, the study showed that, according to design parameters such as the building height ratio and an abundance in the amount of vegetation in the courtyard, an acceptable level of thermal comfort for the tropics can be achieved and may be enjoyed by its users for long periods during the daytime, including at noon. The study of Beccali et al. [52] reviewed some models evaluating thermo hygrometric comfort in naturally ventilated buildings, based on adaptive approaches. In this study there was a focus on Mozambican building traditions, and a case study was proposed where, through the recovery of old Mozambican traditions, a new, energy-autonomous healthcare facility was designed with a great use of natural ventilation.
A comprehensive literature review illustrates that most of the existing literature emphasizes the potential of passive techniques for improving thermal comfort and energy efficiency in contemporary residential buildings in different countries. However, none of these research works have investigated the potential of vernacular climatic strategies for improving energy efficiency of mid-rise apartment buildings in the hot-humid climate of Iran. Therefore, this study goes further to fill this gap through developing a baseline case based on understanding the impact of context-based climatic solutions like shading, natural ventilation, and insulation of external walls and roofs on the energy efficiency of residential buildings in the hot-humid climate of Iran.
Research Methodology
Three types of research methodologies were employed as follows:
Library Study
A library study was carried out on the potential of passive cooling techniques to improve the energy efficiency of domestic buildings in the hot-humid climate of different countries. Based on the library studies, three types of vernacular climatic strategies, including shading, natural ventilation, and insulation of external walls and roofs, were identified and selected for improving energy efficiency in residential buildings of the hot-humid climate of Iran.
Field Survey

Selection of the Case Study
A field survey was conducted in different districts of Bushehr city in order to identify the residential buildings that reflect current house typology and space layout. According to this and statistics from Bushehr municipality, the most diffused typology of Bushehr are 3-4 story apartment buildings (mid-rise) with total areas of 600 to 700 m 2 . That is why this study focuses on this particular typology. As shown in Figure 3 , a detached 3-story building, built in 2014, was identified as a case study. It is located in BagheZahra area (zone 1), District 1 (28 • 57 17" N; 50 • 50 57" E). The building envelope of the modeled baseline case (Building 1) is described in Table 1 . As reported, no wall or roof insulation is present in the existing building. Furthermore, no shading system is installed, and original windows are single-glass, with aluminum frames and no thermal break. During this study, only the first floor of the baseline case (including two flats) was occupied, and each flat was occupied by a family of two adults. Thus, actual energy consumption of the first floor was used for the validation of the baseline model.
Presentation of the Developed Model
Based on the space layout of the baseline case (building 1), a developed model (as shown in Figure 4 ) was created and a combination of the vernacular climatic strategies (VCS) were employed as follows: shading with overhangs and side fins for the south and north elevation, natural ventilation enhancement with changing windows dimensions, and space layout and thermal insulation of external walls and the roof. The building envelope of the developed model (building 1a) is also described in Table 1 .
Presentation of the Proposed Models
Based on the space layout of the developed model and design criteria presented in Table 2 , nine proposed models (including building b 1 , . . . , building j 1 in Figure 5a ) were also designed and modeled in nine different positions for the BagheZahra area, District 1. Table 3 shows an example of the proposed models in position 7. Area description of the models has been presented in Table 4 . Based on the space layout of the baseline case (building 1), a developed model (as shown in Figure 4 ) was created and a combination of the vernacular climatic strategies (VCS) were employed as follows: shading with overhangs and side fins for the south and north elevation, natural ventilation enhancement with changing windows dimensions, and space layout and thermal insulation of external walls and the roof. The building envelope of the developed model (building 1a) is also described in Table 1 . 
Based on the space layout of the developed model and design criteria presented in Table 2 , nine proposed models (including building b1, …, building j1 in Figure 5a ) were also designed and modeled in nine different positions for the BagheZahra area, District 1. Table 3 shows an example of the proposed models in position 7. Area description of the models has been presented in Table 4 . Use of the terrace in the southern side to take advantage of direct daylight and use of a combination of roofed terraces and porous shells in the eastern and western fronts ⃰ These items in Table 2 are important considerations in the design of the proposed models and are among the climate strategies used in the vernacular dwellings of Bushehr. 
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Thermal Insulation
The reference heat transfer coefficient in the proposed models is 794.45 w/k which is greater than the heat transfer coefficient of the building design, which is 534.06 w/k. Therefore, the construction materials and insulations of the external walls and roof are in accordance with Chapter 19 of the National Building Code in terms of thermal insulation.
Natural Ventilation Enhancement
The suitable dimensions for windows are determined according to necessary airflow velocity and operative temperature for thermal comfort in naturally ventilated spaces. Based on the simulations, the best time for using natural ventilation in Bushehr is from March to April and from November to December. Accordingly, 30 March 2016 was selected as a date, and the natural ventilation was examined on this day using three CFD models. According to Table 5 , at 50% relative humidity, for a person with the clothing level of 0.5 clo and a metabolic rate of 1 Met, taking into account the range of operative temperature and airflow velocity in the three models, the best results Table 3 . An example of the proposed models in position 7 (Source: author).
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Weather Data File Creation
The accuracy of the energy simulation is generally as good as the quality of input data available used for the thermal model [54, 55] . Therefore, simulation accuracy depends on various dynamic input parameters such as occupancy characteristics and weather data, both of which are difficult to replicate in modeling to match the real building, especially at the design stage. The choice of weather 
The accuracy of the energy simulation is generally as good as the quality of input data available used for the thermal model [54, 55] . Therefore, simulation accuracy depends on various dynamic input parameters such as occupancy characteristics and weather data, both of which are difficult to replicate in modeling to match the real building, especially at the design stage. The choice of weather data used for the simulation has a considerable impact on the results [56] . Generally, the weather data employed in building simulation models contain hourly records of the core weather variables (like temperature, relative humidity, wind speed, and solar radiation) at a location in close proximity to the model building [57] . That is why the selected case study (Building 1) was also used for establishing a local weather station at a height of 12 m. This station was based on the roof and collected local climate data which were then used for simulation to improve simulation accuracy. Short-term local climatic data were collected by automatic data loggers (Figure 7) over the course of a year with the specifications listed in Table 6 . 
The accuracy of the energy simulation is generally as good as the quality of input data available used for the thermal model [54, 55] . Therefore, simulation accuracy depends on various dynamic input parameters such as occupancy characteristics and weather data, both of which are difficult to replicate in modeling to match the real building, especially at the design stage. The choice of weather data used for the simulation has a considerable impact on the results [56] . Generally, the weather data employed in building simulation models contain hourly records of the core weather variables (like temperature, relative humidity, wind speed, and solar radiation) at a location in close proximity to the model building [57] . That is why the selected case study (Building 1) was also used for establishing a local weather station at a height of 12 m. This station was based on the roof and collected local climate data which were then used for simulation to improve simulation accuracy. Short-term local climatic data were collected by automatic data loggers (Figure 7 ) over the course of a year with the specifications listed in Table 6 . In this study, given the economic budget and the accuracy of the results, climatic parameters including outside dry-bulb temperature, relative humidity, and wind speed were recorded at one-hour intervals for three consecutive days per month. The selected days (in Table 7 ) were similar in terms of weather conditions and the days before the measurement were also similar to the measurement days. Since the weather data file of Bushehr was not available, Meteonorm software (V.7) was used for this purpose and a new *.epw file was created. Then, the recorded values were entered into this weather data file. This specific meteorological file, covering the three consecutive days per month of in situ measurements, was used for simulation of the models. Regarding solar radiation, the existing values from the primary weather data file, tolerating an error of up to 4%, were used. 
Simulation
Design Builder software (V.5) was chosen for the purpose of this study based on its established energy performance assessment capability compared with similar energy simulation tools. A comparison between anticipated energy use and actual energy consumption (in Figure 8) as shown on the gathered official bills was done to validate the baseline model (Building 1). The actual energy consumption values on the first floor of Building 1 per year calculated using electricity and gas bills and through simulations were 34,327 kWh and 32,367.15 kWh, respectively, which shows a difference of −6.05% between the actual energy consumption and the simulated consumption. This is within the allowable percentage error.
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Design Builder software (V.5) was chosen for the purpose of this study based on its established energy performance assessment capability compared with similar energy simulation tools. A comparison between anticipated energy use and actual energy consumption (in Figure 8) as shown on the gathered official bills was done to validate the baseline model (Building 1). The actual energy consumption values on the first floor of Building 1 per year calculated using electricity and gas bills and through simulations were 34,327 kWh and 32,367.15 kWh, respectively, which shows a difference of −6.05% between the actual energy consumption and the simulated consumption. This is within the allowable percentage error. In the simulation of the models, the heating, cooling, and natural ventilation set points were 18 °C, 25 °C, and 24 °C, respectively, and the models were used constantly over a week. It is assumed that during very hot periods of the year, when air-conditioning systems are active, thermal comfort is fully provided and discomfort hours come close to zero. However, during moderate times of the year, when natural ventilation is preferable, there was the possibility that thermal comfort was not fully provided by natural ventilation, and discomfort hours increased. In this manner, and taking into consideration other features of the models in simulation like the construction materials, orientation, openings, and number of occupants and type of activity and clothing, energy consumption, CO2 emissions, and other features of the models were simulated and compared. The simulation was first done over a year (annual) and, then, short-term intervals of three consecutive days per month, covering a total of 36 days per year or 10% of a year, were extracted from the annual simulation. Figure 9 shows an example of this process for the baseline model (Building 1). In the simulation of the models, the heating, cooling, and natural ventilation set points were 18 • C, 25 • C, and 24 • C, respectively, and the models were used constantly over a week. It is assumed that during very hot periods of the year, when air-conditioning systems are active, thermal comfort is fully provided and discomfort hours come close to zero. However, during moderate times of the year, when natural ventilation is preferable, there was the possibility that thermal comfort was not fully provided by natural ventilation, and discomfort hours increased. In this manner, and taking into consideration other features of the models in simulation like the construction materials, orientation, openings, and number of occupants and type of activity and clothing, energy consumption, CO 2 emissions, and other features of the models were simulated and compared. The simulation was first done over a year (annual) and, then, short-term intervals of three consecutive days per month, covering a total of 36 days per year or 10% of a year, were extracted from the annual simulation. Figure 9 shows an example of this process for the baseline model (Building 1).
In this study, since the local climate data for three consecutive days per month were used in the weather data file, the simulation results within 36 days/10% of a year will be accurate and reliable. Thus, instead of annual results, the simulation results within 36 days will be discussed for the models. Figure 10 shows the research process diagram. In this study, since the local climate data for three consecutive days per month were used in the weather data file, the simulation results within 36 days/10% of a year will be accurate and reliable. Thus, instead of annual results, the simulation results within 36 days will be discussed for the models. Figure 10 shows the research process diagram. In this study, since the local climate data for three consecutive days per month were used in the weather data file, the simulation results within 36 days/10% of a year will be accurate and reliable. Thus, instead of annual results, the simulation results within 36 days will be discussed for the models. Figure 10 shows the research process diagram. 
Results and Discussion
A combination of vernacular climatic strategies including shading, natural ventilation, and insulation of external walls and roof were employed in the developed and proposed models. All models were simulated under natural ventilation conditions in moderate periods of the year (from March to April and from October to November) and air-conditioning systems (split air conditioner) were used during hot and humid periods (from May to September). The results of the simulation provide heat loss and gain (originating from solar gain, general lighting, occupancy, fabric, and ventilation), total system loads (including sensible cooling, total cooling and heating), discomfort hours, energy consumption, and CO 2 emission for each model.
Heat Loss and Gain
Internal Gains
According to Figure 11 , in the comparison of Building 1 with Building 1a, given the equal amount of heat generated by general lighting and the insignificant difference in heat generated by occupancy in the two buildings, the total amount of heat generated by the solar gain, occupancy, and general lighting over the selected days (36 days) was reduced from 6777.8 Wh/m 2 in Building 1 to 4479.06 Wh/m 2 in Building 1a. In addition, in the proposed models, given better day lighting, the equal amount of heat generated by general lighting, and the insignificant difference of heat generated by occupancy, the total amount of heat generated by solar gain, occupancy, and general lighting over the selected days varied from 4312. 
Results and Discussion
A combination of vernacular climatic strategies including shading, natural ventilation, and insulation of external walls and roof were employed in the developed and proposed models. All models were simulated under natural ventilation conditions in moderate periods of the year (from March to April and from October to November) and air-conditioning systems (split air conditioner) were used during hot and humid periods (from May to September). The results of the simulation provide heat loss and gain (originating from solar gain, general lighting, occupancy, fabric, and ventilation), total system loads (including sensible cooling, total cooling and heating), discomfort hours, energy consumption, and CO2 emission for each model.
Heat Loss and Gain
Internal Gains
According to Figure 11 , in the comparison of Building 1 with Building 1a, given the equal amount of heat generated by general lighting and the insignificant difference in heat generated by occupancy in the two buildings, the total amount of heat generated by the solar gain, occupancy, and general lighting over the selected days (36 days) was reduced from 6777.8 Wh/m 2 in Building 1 to 4479.06 Wh/m 2 in Building 1a. In addition, in the proposed models, given better day lighting, the equal amount of heat generated by general lighting, and the insignificant difference of heat generated by occupancy, the total amount of heat generated by solar gain, occupancy, and general lighting over the selected days varied from 4312. As shown in Figure 12 , the total sensible cooling over the selected days was −10196. Figure 11 . Internal heat gain in interior spaces over the selected days.
As shown in Figure 12 , the total sensible cooling over the selected days was −10196. 
Fabric and Ventilation
The total heat exchange from the external walls and roof of Building 1 over the selected days without thermal insulation was 4396.45 Wh/m 2 and 1546.04 Wh/m 2 , respectively, which was reduced to 601.42 Wh/m 2 and 310.8 Wh/m 2 in Building 1a after applying 7 cm and 10 cm of thermal insulation in the external walls and roof. This revealed a reduction of 76% and 66% in the walls and the roof, respectively, in Building 1a. Besides this, in the proposed models, the total heat exchange from external walls and roofs varied from 210. 52 (Figure 13 ). The total heat exchange values from ceilings, floors, partitions, and glazing were excluded as they were insignificant.
Besides this, dissipation of warm air by natural ventilation from Building 1 over the selected days was −1227.84 Wh/m 2 , which was increased to −1495.7 Wh/m 2 in Building 1a after the improvement in space layout and window dimensions. This showed an increase of 10% in Building 1a. In the proposed models, the dissipation of warm air by natural ventilation varied from −878.43 Wh/m 2 to −1445.23 Wh/m 2 , showing a total increase of 8%. 
Besides this, dissipation of warm air by natural ventilation from Building 1 over the selected days was −1227.84 Wh/m 2 , which was increased to −1495.7 Wh/m 2 in Building 1a after the improvement in space layout and window dimensions. This showed an increase of 10% in Building 1a. In the proposed models, the dissipation of warm air by natural ventilation varied from −878. 
Discomfort Hours, Energy Consumption and CO2 Emissions
Now, given the total system loads in each model, it could be expected that the thermal comfort would improve in Building 1a and the proposed models and cooling energy consumption would decrease. Figure 15 shows that the total number of discomfort hours over the selected days in Building 1 was 392.3, which was reduced to 124.09 h in Building 1a. This means a reduction of 52% in Building 1a. In addition, total discomfort hours in the proposed models varied from 301.16 to 388.89 h, showing a reduction of 3.41 to 91.14 h in comparison with Building 1. This means a reduction from 0 to 14% in the proposed models. As a result of the reduction in total energy consumption in the developed and proposed models, the CO2 emissions were reduced by 2260.84 kg in Building 1a and by 2948.53 kg to 3147.49 kg in the proposed models in comparison with Building 1 (Figure 17) . The results showed a 16% reduction in total energy consumption and a 22% reduction in CO2 emissions of the developed model. In addition, a reduction of 24-26% was also observed in total energy consumption and 32-34% in CO2 emissions of the proposed models. 
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Now, given the total system loads in each model, it could be expected that the thermal comfort would improve in Building 1a and the proposed models and cooling energy consumption would decrease. Figure 15 shows that the total number of discomfort hours over the selected days in Building 1 was 392.3, which was reduced to 124.09 h in Building 1a. This means a reduction of 52% in Building 1a. In addition, total discomfort hours in the proposed models varied from 301.16 to 388.89 h, showing a reduction of 3.41 to 91.14 h in comparison with Building 1. This means a reduction from 0 to 14% in the proposed models. As a result of the reduction in total energy consumption in the developed and proposed models, the CO2 emissions were reduced by 2260.84 kg in Building 1a and by 2948.53 kg to 3147.49 kg in the proposed models in comparison with Building 1 (Figure 17) . The results showed a 16% reduction in total energy consumption and a 22% reduction in CO2 emissions of the developed model. In addition, a reduction of 24-26% was also observed in total energy consumption and 32-34% in CO2 emissions of the proposed models. As a result of the reduction in total energy consumption in the developed and proposed models, the CO 2 emissions were reduced by 2260.84 kg in Building 1a and by 2948.53 kg to 3147.49 kg in the proposed models in comparison with Building 1 (Figure 17) . The results showed a 16% reduction in total energy consumption and a 22% reduction in CO 2 emissions of the developed model. In addition, a reduction of 24-26% was also observed in total energy consumption and 32-34% in CO 2 emissions of the proposed models. As shown in Table 8 , both the developed and proposed models show better thermal performance and lower energy consumption in comparison with the baseline model. While internal gains (particularly solar gains from exterior windows) and heat gains (from walls and roofs) have a significant impact on total energy consumption over the selected days, natural ventilation has a significant impact on reducing discomfort hours in moderate periods of the year. The developed model shows a better performance in terms of thermal comfort hours in comparison with the proposed models, while the proposed models show better results for total energy consumption and CO2 emissions. Zone sensible cooling  48  ---34~40  ---Total cooling  48  ---34~40  ---Discomfort hours  52  ---0~14  ---Total energy consumption  16  ---24~26  ---CO2 emissions  22  ---32~34  --- As a result, the proposed models were more energy efficient and effective in terms of environmental protection in comparison with the developed model, since the reductions in energy consumption and CO2 emissions were 8-10% and 10-12% greater than in the developed model, respectively. The maximum reductions in energy consumption and CO2 emissions were observed in buildings c1, d1, and b1, located in positions 2, 3, and 1 (in Table 9 ), respectively, while minimum As shown in Table 8 , both the developed and proposed models show better thermal performance and lower energy consumption in comparison with the baseline model. While internal gains (particularly solar gains from exterior windows) and heat gains (from walls and roofs) have a significant impact on total energy consumption over the selected days, natural ventilation has a significant impact on reducing discomfort hours in moderate periods of the year. The developed model shows a better performance in terms of thermal comfort hours in comparison with the proposed models, while the proposed models show better results for total energy consumption and CO2 emissions. As a result, the proposed models were more energy efficient and effective in terms of environmental protection in comparison with the developed model, since the reductions in energy consumption and CO2 emissions were 8-10% and 10-12% greater than in the developed model, respectively. The maximum reductions in energy consumption and CO2 emissions were observed in buildings c1, d1, and b1, located in positions 2, 3, and 1 (in Table 9 ), respectively, while minimum As shown in Table 8 , both the developed and proposed models show better thermal performance and lower energy consumption in comparison with the baseline model. While internal gains (particularly solar gains from exterior windows) and heat gains (from walls and roofs) have a significant impact on total energy consumption over the selected days, natural ventilation has a significant impact on reducing discomfort hours in moderate periods of the year. The developed model shows a better performance in terms of thermal comfort hours in comparison with the proposed models, while the proposed models show better results for total energy consumption and CO 2 emissions. As a result, the proposed models were more energy efficient and effective in terms of environmental protection in comparison with the developed model, since the reductions in energy consumption and CO 2 emissions were 8-10% and 10-12% greater than in the developed model, respectively. The maximum reductions in energy consumption and CO 2 emissions were observed in buildings c 1 , d 1 , and b 1 , located in positions 2, 3, and 1 (in Table 9 ), respectively, while minimum reductions were observed in buildings h 1 , e 1 , and j 1 , located in positions 7, 4, and 9, respectively. Furthermore, the reduction in energy consumption of the proposed models was greater than 50 kWh/m 2 per year in comparison with the baseline model. For an apartment flat assumed to measure 100 m 2 in Bushehr city, a reduction in energy consumption of over 5000 kWh will be achieved. reductions were observed in buildings h1, e1, and j1, located in positions 7, 4, and 9, respectively. Furthermore, the reduction in energy consumption of the proposed models was greater than 50 kWh/m 2 per year in comparison with the baseline model. For an apartment flat assumed to measure 100 m 2 in Bushehr city, a reduction in energy consumption of over 5000 kWh will be achieved. Table 9 . Proposed models in different positions. The results of this study on the potential of vernacular climatic strategies for improving thermal comfort in residential buildings of hot and humid climates of Iran were similar to those of Toe and Kubota [37] for improving thermal comfort in residential buildings of Malaysia by using vernacular passive cooling techniques. The results of Prajongsan and Sharples [47] to enhance natural ventilation and to improve thermal comfort in residential buildings of Bangkok, and the results of Haase and Amato [49] for improving comfort by natural ventilation in residential buildings in Malaysia, matched approximately with the results of this study.
The reduction in sensible cooling loads as a result of employing vernacular climatic strategies in the developed and proposed models in this study was greater than that found in the works of Taleb [36] in the United Arab Emirates, who used eight solutions, including shading, natural ventilation and insulation, and Hirano et al. [43] in Japan, who used natural ventilation for reducing sensible cooling loads in porous apartment buildings.
Besides this, the results of this study in reducing energy consumption with a combination of climatic solutions such as shading, natural ventilation, and insulation of external walls and roofs were similar to the works of Hong et al. [18] in Taiwan, and were better than the results of Taleb [36] in the United Arab Emirates, who used similar solutions.
Many developed countries have established a standard of energy use based on their needs and local climate conditions [40] . At present, seven European Member States have adopted a working definition of a low energy house. These definitions are most often applied to new houses, but also cover existing houses and can usually apply to both residential and non-residential buildings [40] . reductions were observed in buildings h1, e1, and j1, located in positions 7, 4, and 9, respectively. Furthermore, the reduction in energy consumption of the proposed models was greater than 50 kWh/m 2 per year in comparison with the baseline model. For an apartment flat assumed to measure 100 m 2 in Bushehr city, a reduction in energy consumption of over 5000 kWh will be achieved. Table 9 . Proposed models in different positions. The results of this study on the potential of vernacular climatic strategies for improving thermal comfort in residential buildings of hot and humid climates of Iran were similar to those of Toe and Kubota [37] for improving thermal comfort in residential buildings of Malaysia by using vernacular passive cooling techniques. The results of Prajongsan and Sharples [47] to enhance natural ventilation and to improve thermal comfort in residential buildings of Bangkok, and the results of Haase and Amato [49] for improving comfort by natural ventilation in residential buildings in Malaysia, matched approximately with the results of this study.
Many developed countries have established a standard of energy use based on their needs and local climate conditions [40] . At present, seven European Member States have adopted a working definition of a low energy house. These definitions are most often applied to new houses, but also cover existing houses and can usually apply to both residential and non-residential buildings [40] .
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The results of this study on the potential of vernacular climatic strategies for improving thermal comfort in residential buildings of hot and humid climates of Iran were similar to those of Toe and Kubota [37] for improving thermal comfort in residential buildings of Malaysia by using vernacular passive cooling techniques. The results of Prajongsan and Sharples [47] to enhance natural ventilation and to improve thermal comfort in residential buildings of Bangkok, and the results of Haase and Amato [49] for improving comfort by natural ventilation in residential buildings in Malaysia, matched approximately with the results of this study.
Besides this, the results of this study in reducing energy consumption with a combination of climatic solutions such as shading, natural ventilation, and insulation of external walls and roofs were Sustainability 2017, 9, 1950 22 of 26 similar to the works of Hong et al. [18] in Taiwan, and were better than the results of Taleb [36] in the United Arab Emirates, who used similar solutions.
Many developed countries have established a standard of energy use based on their needs and local climate conditions [40] . At present, seven European Member States have adopted a working definition of a low energy house. These definitions are most often applied to new houses, but also cover existing houses and can usually apply to both residential and non-residential buildings [40] . Furthermore, Aldossary et al. [40] proposed three low energy prototype houses (low-rise) that reflect current house typology and space layout in Saudi Arabia. Based on their findings, a domestic energy performance reference was proposed with energy consumption ranging from 77 kWh/m 2 to 98 kWh/m 2 for Saudi Arabia and the wider Middle East region.
This study benchmarks the findings and the energy patterns for housing design according to international low energy consumption standards [58] and a domestic energy performance reference which was proposed by Aldossary et al. [40] for Saudi Arabia and the wider Middle East region. Figure 18 compares annual energy consumption in kWh/m 2 for the developed and proposed models with a selection of international sustainable low energy standard references, and those of Saudi Arabia and the wider Middle East region. All proposed models achieve lower energy consumption when compared with the Passivhaus standard in Germany and the low energy house in the Czech Republic. Besides this, the annual energy consumption of the developed and proposed models ranges between 77.9 kWh/m 2 and 92.3 kWh/m 2 , which is within the energy performance reference for the Middle East region. Furthermore, Aldossary et al. [40] proposed three low energy prototype houses (low-rise) that reflect current house typology and space layout in Saudi Arabia. Based on their findings, a domestic energy performance reference was proposed with energy consumption ranging from 77 kWh/m 2 to 98 kWh/m 2 for Saudi Arabia and the wider Middle East region. This study benchmarks the findings and the energy patterns for housing design according to international low energy consumption standards [58] and a domestic energy performance reference which was proposed by Aldossary et al. [40] for Saudi Arabia and the wider Middle East region. Figure 18 compares annual energy consumption in kWh/m 2 for the developed and proposed models with a selection of international sustainable low energy standard references, and those of Saudi Arabia and the wider Middle East region. All proposed models achieve lower energy consumption when compared with the Passivhaus standard in Germany and the low energy house in the Czech Republic. Besides this, the annual energy consumption of the developed and proposed models ranges between 77.9 kWh/m 2 and 92.3 kWh/m 2 , which is within the energy performance reference for the Middle East region. 
Conclusions
The work on improving the energy efficiency in an existing residential building in Bushehr city via dynamic simulation models highlighted the research gap with respect to the hot-humid climate of Iran and domestic buildings. Also, since considerable studies have focused on the impact of passive techniques on improving energy efficiency in low-rise houses, this article presents the impact of context-based climatic solutions on improving energy efficiency in an existing domestic structure using a mid-rise apartment building as a case study. The results of this study show that the use of vernacular climatic strategies or VCS, including a combination of shading, natural ventilation, and insulation of external walls and roofs in mid-rise apartment buildings in the hot-humid climate of Iran, can considerably improve energy consumption and reduce CO2 emissions in these buildings. For this study, reductions of 16% for the developed model and 24-26% for the proposed models were obtained for energy consumption, and reductions of 22% for the developed model and 32-34% for the proposed models were obtained for the CO2 emissions. Furthermore, all models achieved lower annual energy consumption when compared with a selection of international sustainable low energy 
The work on improving the energy efficiency in an existing residential building in Bushehr city via dynamic simulation models highlighted the research gap with respect to the hot-humid climate of Iran and domestic buildings. Also, since considerable studies have focused on the impact of passive techniques on improving energy efficiency in low-rise houses, this article presents the impact of context-based climatic solutions on improving energy efficiency in an existing domestic structure using a mid-rise apartment building as a case study. The results of this study show that the use of vernacular climatic strategies or VCS, including a combination of shading, natural ventilation, and insulation of external walls and roofs in mid-rise apartment buildings in the hot-humid climate of Iran, can considerably improve energy consumption and reduce CO 2 emissions in these buildings. For this study, reductions of 16% for the developed model and 24-26% for the proposed models were obtained for energy consumption, and reductions of 22% for the developed model and 32-34% for the proposed models were obtained for the CO 2 emissions. Furthermore, all models achieved lower annual energy consumption when compared with a selection of international sustainable low energy standards and domestic energy performance references for the Middle East. Another unique and significant contribution of this study lies in the strong potential to replicate these strategies across the city of Bushehr and beyond. However, the study is limited in its use of three climatic solutions to improve energy efficiency in mid-rise apartment buildings. Thus, further studies should be done with respect to potential combinations of VCS with other solutions such as on-site renewable energy.
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